Sir JAMES PURVES-STEWART showed a series of pneumo-radiograms of the head in which the normal cerebral ventricles and the outlines of the cortical gyri were clearly outlined. These had been obtained by the fractional injection of air into the lumbar theca up to a total of 70-80 c.c. of air, and not through a trephined ventricle.
In several cases of cerebral tumour in which localization had been somewhat obscure, he had found pneumo-radiography a useful accessory diagnostic measure. Thus, for example, in a right-sided temporo-parietal tumour, the right lateral ventricle was seen to be imperfectly filled and the right cortical sulci unfilled with air, contrasting with the well-filled ventricle and salci on the other side; moreover, both lateral ventricles were dislocated distinctly towards the opposite side. He considered the method of spinal injection of air especially useful in supra-tentorial tumours, whereas in tumours below the tentorium, he considered it inadvisable on account of the risk of dislocating a tumour towards the medullary centres. As with other physical signs, a negative result in pneumo.-radiography was of little or no significance, whilst a positive result was sometimes of high diagnostic value.
He also showed a series of radiograms of the vertebral column after injection of lipiodol into the cisterna magna. In cases of spinal tumour, the lipiodol gravitated downwards to the upper level of the obstructiop, where it was clearly seen by radiography. In other cases, injection of lipiodol into the lumbar theca was carried out and the patient was then inverted. By this means the lower limit of a spinal compression was demonstrated.
Care must be taken when carrying out lipiodol injections into the cisterna that the patient's head should not be allowed to hang forwards, otherwise some of the heavy oil might flow downwards along the base of the brain as far as the middle fossa, where it might even produce transient cranial nerve palsy, e.g., paralysis of one facial nerve. In his opinion, lipiodol injections were an important additional means of focal diagnosis of spinal compression.
Mr. GEOFFREY JEFFERSON (Manchester).
A certain amount of attention has been paid in the past to the application of X-rays to the detection of intracranial tumours. In this country, at all events, it appears to have been rather a neglected subject. Oppenheim's discovery, in 1899, of erosion of the dorsum sellae in a case of hypophyseal tumour aroused an interest which, very naturally, became centred on the sella turcica. Since that date sporadic references appear in the literature, usually in the form of a report on a solitary case, and that, perhaps, of a pituitary growth or a calcifying brain tumour. The importance of small opaque areas as corroborative evidence in the localization of a tumour, particularly of the suprasellar group of tumours of Rathke's pouch, is becoming more widely and popularly known. Notable amongst the contributions which envisage the X-ray diagnosis of intracranial tumours as a whole are those of Artur Schuller in vol. xi of the " Allgemeine Chirurgie der Gehirnkrankheiten " (1914) and of Heuer and Dandy in the Johns Hopkins Hospital Bulletin, 1916, xxvii, p. 224 . The most recent paper is that of Elsberg and Schwartz on the X-ray recognition of increase in size of the diploic venous sinuses in endotheliomatous growths (Arch. Neurol. Psych., 1924, xi, p. 292) . Of recent years the introduction of air replacement and X-ray as a laboratory aid to diagnosis has largely superseded the older problems in interest. I propose to touch upon various points in the X ray diagnosis of cerebral tumours so far as I am able to illustrate them from personal cases. The matter may well be divided under three headings: (1) the general changes in the skull brought about by inereased intracranial tension; (2) the local changes in the bone produced by tumours in their immediate vicinity; and (3) ventriculography, a somewhat differet category.
(1) THE GENERAL CHANGES IN THE SKULL. General changes are naturally most marked in those cases in which obstruction to the cerebro-spinal pathway has resulted in ventricular back-pressure and dilatation. Here the fluid tension tends to bring about a more evenly dilating force upon the cranial capsule. These changes may show themselves on the X-ray plate in the following forms:-(i) Sutural Diastasis: The extent of the opening up of the suture lines is a very variable quantity. It is well seen in children up to the age of 10 or 15 years, and I have seen it in a young man of 23. I cannot say at what age it may no longer be expected, but I have not noted it usually in adults. It is most marked at the coronal suture. In the ordinary lateral view it may be seen as a definite widening or sometimes as an ill-defined white streak upon the film or plate. The widening of the sagittal suture is usually at least as well marked, but for technical reasons it is difficult to detect. One may learn a good deal from the comparison of the X-ray of a skull during life and the picture of the calvarium of the same skull after death. The latter may show clearly a huge diastasis with obviously very rapid bony proliferation occurring in the attempt of the skull to keep up with the increasing volume of its contents. (Slides illustrating these facts were shown.) Sutural diastasis will most commonly be found in cerebellar tumours in young people or in obstructive hydrocephalus of adhesive origin. From the practical point of view the periodical X-ray examination of a hydrocephalic skull may be of some value. For in general, separation of the suture is only seen in a pronounced form in acute or progressive cases. (I am not, of course, speaking of tumour cases.) The powers of bone-growth along the suture lines is so great that the bone-defect tends rapidly to be repaired. When a balance has been struck, in those cases which I may, perhaps, term "compensated hydrocephalus," diastasis is no longer a feature of the X-ray photograph. The results of the surgical treatment of hydrocephalus are not so encouraging as to tempt one to advise operation freely, and the absence of diastasis will encourage the surgeon in any given case to pursue a waiting policy.
(ii) Ribbing of the Skull, or Conzvolutional Atrophy.-The peculiar and unmistakable ribbing of the skull, aptly likened to the ribbed sand seen on many seashores at low tide, is a characteristic feature of many X-rays of -tumour subjects. It is usually localized to the anterior third of the skull, and for this reason has not won universal acceptance as a definite result of intracranial pressure increase. It is not an infallible sign, and in the absence of choked disc, and so forth, must be regarded as of no special importance. My own experience leads me to the conclusion that it is quite certainly a sign of increased pressure. A certain slight degree of convolutional marking is normal in the skull. In only one case out of several hundred have I seen a high grade of ribbing in a case with normal pressure. It must be remembered that the inner surface of the skull is slightly imprinted by the pattern of the brain which it contains, and it is quite logical to assume that in cases with raised pressure the normal tendency to pattern the cranial capsule will be enhanced. The assumption in' my own experience is at all events borne out by the actual clinical facts. According to iHeuer and Dandy, and apparently according to Spiller, this patterning of the skull is due to atrophy of the inner table. With this view I cannot agree. It seems to me much more probable that it is due to diploic compression, by which the two tables tend to approximat% to one another at points corresponding with the convexities of the gyri. This may account for the absence of patterning in the crania of infant hydrocephalics and in the sclerosed bones of those advanced in years. In these two large classes, atrophy is not generally seen.
(iii) Sellar Distortion.-I shall not deal with pituitary growths themselves, as a sufficient literature on the radiographical appearances of these tumours exists and is widely known. Sellar distortion is most frequently seen in patients with ventricular dilatation. The sella is normally in relationship with the floor of the third ventricle, and when hydrocephalus is present, the floor of the third ventricle bulges to a considerable degree. This phenomenon is one of which all are cognizant who are in the habit of making post-mortem examinations on tumour cases. Specimens showing it clearly are hard to preserve, for section of the pituitary stalk usually results in the rapid deflation of the ventricle. The results of the fluid pressure are, first, an opening up of the diaphragma sellwe and often actual compression of the hypophysis. (A phot6graph of the open sella from a case of cerebellar tuberculoma with secondarv hydrocephalus was shown.) Later, the pressure may lead to erosion of the dorsum sella and posterior clinoid processes, but this sequence is not invariable and will depend on certain anatomical facts. In the first place the relationship of the floor of the third ventricle to the dorsum sellwe is variable; in the second place the strength of the moulding of the sella is variable, and in the third place it is obvious that the hydraulic pressure must often be insufficient or not long enough continued to bring about erosion. That these mutable factors are important is shown by the fact that a large number of cerebral tumours and a certain number of hydrocephalics present no notable change in sellar contour On the other hand, more than one surgeon has mistakenly operated upon the hypophysis on the evidence of sellar deformity and has tapped the floor of a dilated third ventricle instead of the pituitary cyst or tumour which he expected to find there. Crowding of brain tissue into the sella turcica may occur in hemispheral tumours, though its precise mechanism is here harder to envisage. (See Cushing, " Anosmia and Sellar Distension as misleading signs in the Localization of a Cerebral Tumour," Joutr. Nerv. Ment. Dis., 1917, xliv, p. 415.) (2) LOCAL CHANGES IN THE BONES.
Hyperostosis of the bones overlying an endothelial or meningeal tumour has won for itself a definite place in cerebral pathology. [Cushing: "Cranial Hyperostosis produced by Meningeal Endotheliomas " (Arch. Neurol., Psych., 1922); Penfield: " Cranial and Intracranial Endotheliomata " (Surg., Gyn., Obst., 1923, viii, p. 139.1 Whether or not this bone furring or thickening will be recognizable on an X-ray film must always be partly a matter of good fortune and partly a matter of good management. Only superlatively good pictures can be relied upon to give us the evidence which we need. And in order that any help may be obtained in the recognition of basal growths, stereoscopic views are a necessity.
In this country we have rather neglected to avail ourselves of the help that radiography can give us in localizing endotheliomata. Those arising from the olfactory groove and from the floor of the middle fossa often require special tricks of technique if they are to be discovered, and it is important that both the neurologist and the radiologist should co6perate in familiarizing themselves with oblique views of these regions.
Spontaneous defects in the skull are still rarer, but I have been fortunate in meeting with one case-a posterior fossa cholesteatoma with a large round defect clearly visible.
Shadowvs cast by Cerebral Tutmours therMselves.
If we exclude the tumours of Rathke's pouch, calcification is an uncommon event, uncommon certainly when it is of such degree that opacities are found on X-ray examination. Heuer and Dandy found it six times in one hundred cases; four times the tumour was supra-sellar, one was a so-called osteosarcoma of the skull, and the sixth was an aneurysm. Personally, I have not seen a tumour shadow in my series. One may very easily mistake a patch of calcification in the choroid plexuses, pineal, or falx, for a tumour shadow. I have come across two examples of these shadows accidentally, in patients who had been X-rayed for some other purpose. The true nature of these opacities can generally easily be demonstrated by the antero-posterior view. The calcified areas will then be seen to be symmetrically placed on either side of the mid-line (if choroidal) or dead in the centre if the plaque is in the pineal gland or falx cerebri.
(3) VENTRICULOGRAPHY. We must now turn to a different subject, to air-replacement of cerebrospinal fluid as an aid to diagnosis. I have little to add to the remarks I made at the British Medical Association meeting last July (British Medical Journal, 1923, ii, p. 799 ). This air-replacement is not an end in itself. It is useful in those cases in which localization of tumoura by neurological means is doubtful or impossible. Ventriculography is still in an experimental stage. The reason for this lies in the technical difficulties which surround it, both in actual performance and more particularly in interpretation. We must look forward to improvements; and the principal improvement will probably result through the ase of stereoscopic X-rays and of the Potter-Bucky diaphragm. The stereoscopic X-rays enable us to be certain which ventricle we are looking at, and the Potter-Bucky diaphragm gives us clearer pictures with smaller quantities of air.
I have been disappointed with the results of injecting small quantities of air-25 c.c. or less should be enough to give a good skiagram of one ventricleand therefore here improvement in the X-ray technique will be most useful.
Probably no one will challenge the fact that cerebral tumours produce some ventricular deformity so frequently that an accurate cast or tracing of the ventricular outline would be of great localizing value. I am aware that there are a few tumours which do not distort the ventricles, and in the case of these ventriculography can supply no help.
The chief objections to ventriculography are first of all its risk, and secondly the fact that, even when that risk is taken, we have no guarantee that we are going to obtain anything very helpful from it. These objections, however, should be surmountable with practice and experience. The method is justifiable only when used by a neurological surgeon who is fully cognizant of intra-cranial physiology, and who will therefore be able to deal with any unpleasant developments when they may occur.
My own experience to date includes thirteen injections in ten cases. One patient, a blind hydrocephalic child, died three days after the injection, but it was so advanced in disease that it might have died from natural causes. Another case was that of a woman with an unlocalized tumour. I tried a double puncture of the posterior horns and failed to withdraw cerebro-spinal fluid for some reason unexplained. She died seven days later and a post-mortem was refused.
I am inclined to use the method sparingly; obviously, the better the neurologist the less the need for ventriculography. The upholders of the method have harmed their cause by claiming too much for it, and by publishing photo-graphs of tumours which should have been localized easily enough by less dangerous means. But if in ventriculography we have a method which may help us to decide that a tumour is not present (e.g., a posterior fossa arachnoiditis with secondary hydrocephalus, pseudo-tumour), or to localize it when the patient is almost blind or otherwise non-cooperative, then it must be admitted that we have added a new weapon to our armoury. The chief danger appears to me to be its too indiscriminate use, particularly by surgeons who have had no great experience or training in cerebral surgery.
Mr. ADAMS MCCONNELL (Dublin).
I wish to demonstrate first that injection of air into the lateral ventricle does furnish data for an exact diagnosis in some cases. [Slides illustrating distortion or dilatation of the lateral ventricles were shown, and it was pointed out that the cases presented either no localizing symptoms or symptoms of an equivocal nature.] These slides prove that in certain cases more can be learned from ventriculography than from any other method. In ten cases out of fifteen, I have obtained definite results. Such results increase the possibility of radical treatment and are sufficient to vindicate the value of the method if there be no intrinsic danger in its practice. Two patients died, one eight and the other fourteen hours after injection; both were perfectly comfortable till they sat up in bed, and both fell back dead as if they had been shot, both had large tumours in the posterior fossa with gross pressure deformity of the medulla. It is questionable whether air injection was the responsible agent in these fatalities or not, for sudden death is a common occurrence in such cases, but it is safer to blame the method and to consider whether such fatalities are avoidable. The most important thing in technique is to prevent any sudden change in intracranial pressure during the substitution of air for fluid. I find that this can be accomplished' by the slow withdrawal of small quantities of fluid and by the slow injection of air. The simplest indication of intracranial pressure is the blood-pressure. With the needle in the ventricle one can play on the blood-pressure, raising it at will by injection of air, or lowering it by aspiration of fluid. Our aim should be to keep' the blood-pressure steady during the whole procedure. Slow aspiration of small quantities and slow injection ensures a steady intracranial pressure and precludes any sudden variation in the relation of the intracranial contents.
During a recent visit to America I saw some marked reactions after ventriculography and these were due to the fact, in my opinion, that ten to twenty c.c. of fluid were withdrawn at a time, and a similar amount of air injected, the procedure taking but a few minutes. Reactions seem to be due to faulty technique. I emphasize this point, for the safety of the method depends on it. Other points in technique are of secondary importance, though they exercise an influence on the amount of information obtained.
I have used Keen's marking in the majority of cases, for I find it easier to
